A series of substituted 2,4-Biphenyl-l,3-oxazolines were synthesized and their acaricidal secticidal activities were examined. When either or both of the ortho-positions of the 2-phenyl substituted with halogen(s), an acaricidal activity against two-spotted spider mites (Tetranychus) was observed as an effect on their eggs (ovicidal activity). Hydrophobic substituents at the position of the 4-phenyl group of 2-(2,6-difluorophenyl)-4-phenyl-l,3-oxazoline enhanced the acaricidal activi and induced an insecticidal activity against green rice leafhoppers (Neophotettix cincticeps), moths (Plutella xylostella), and green peach aphids (Myzus persicae). When the 1,3-oxazoline exchanged to either 1,3-oxazole or 4-methyl-l,3-oxazoline, both acaricidal and Insecticidal significantly decreased.
TRODUCTION
Five membered heterocyclic structures having endocyclic oxygen and nitrogen atoms have been found widely in bioactive natural products. Isoxazole derivatives, such as tricholomic acid, ibotenic acid, and musimol have been isolated from mushrooms showing insecticidal activities against the housefly (Musca domestica).1-3) 1,2,4-Oxadiazole,4) 1,3,4-thiadiazole,5) 1,2,4-triazole, 6 ) and 1,3-oxazole-5-one7) derivatives having either two substituted phenyl or one phenyl and one pyridinyl group as substituent(s) have been reported to exhibit insecticidal and acaricidal activities. There have been 1,3-oxazoline derivatives which are agrochemically active.8-11) Since mites usually acquire resistance rapidly, the useful life of acaricides is short. Thus novel acaricides with novel modes of action are important. 12, 13) In this study, we synthesized a number of 2,4-diphenyl-1,3-oxazoline derivatives and their analogs having various substituents on the two benzene rings and evaluated their acaricidal activity against two-spotted spider mites ( Tetranichus urticae), secticidal activity against green rice leafhoppers (Nephotettix cincticeps), diamondback moths (Plutella xylostella), and green peach aphids (Myzus persicae). Among various derivatives and analogs, 1-[2-(2,6-difluorophenyl)-1,3-oxazolin-4-yl]-2-ethoxy-4-tent-butylbenzene was selected as an acaricide/ insecticide which was developed into a commercialized product as "etoxazole (ISO)" (Baroque(R)).
MATERIALS AND METHODS

Synthesis of Compounds
Substituted benzoyl chlorides (III) were purchased from Wako Pure Chemical Industries (Osaka, Japan) and Tokyo Kasei Kogyo (Tokyo, Japan) or conventionally prepared from the corresponding benzoic acids. All solvents were used without further purification. Column chromatography was performed with Kieselgel 60 (Merck KGaA, Darmstadt, Germany) containing 1 % Fluoreszenzindikator F254 (Merck) monitoring with UV 254 nm. 1H NMR spectra were recorded on a JEOL PMX60SJ NMR spectrometer (Jeol Ltd., Tokyo, Japan) with tetramethylsilane (TMS) as an internal standard. IR spectra were on a HITACHI 270-30 infrared spectrometer (Hitachi Ltd., Tokyo, Japan). Melting points measured with a MEIHOH sharp melting pointer (Meihosha Factory Ltd., Tokyo, Japan) were uncorrected. Refractive indexes were with an ATAGO refractometer (Atago Co., Ltd., Tokyo, Japan).
The general synthetic routes of 2,4-Biphenyl-l,3-oxazolines (I) are shown in Fig, 1 . Amidoalcohols (IV), which were prepared from aminoalcohols (II) and substituted benzoyl chlorides (III),14) were cyclized to derive the corresponding 2,4-diphenyl-l,3-oxazolines (I) as shown in Fig. 1 . When one of substituents Y was the bromine, amidoalcohols (IV) were prepared by reduction of amidoesters (VI) with sodium borohydride.15) The amidoesters (VI) were from the amino acid esters (V) with substituted benzoyl chloride (III).14) The cyclization of amidoalcohols (IV) was carried out by two steps: 1) treatment with thionyl chloride16) or mesyl chloride, and 2) that with sodium hydroxide.17) 2,4-Diphenyl-l,3-oxazolines (I) were obtained in good yields with this sequence. Figure 2 illustrates the synthetic routes to prepare aminoalcohols (II). a-Ketoesters (VII) were prepared by either of two methods depending on substituents Y, as illustrated in route 1. When the substituent Y was one of 2-alkyl, 3-alkyl, 2-alkoxy, 3-alkoxy, 4-alkoxy, 4-alkylthio, 3-F, 3-Cl, 4-CF3 and 4-CF3CH2O, ketoesters (VII) were prepared by the reaction of Grignard reagents derived from substituted bromobenzenes with diethyl oxalate.18) When the benzene ring was either monosubstituted by the 4-alkyl, 4-F, 4-Cl, or 4-CF3O, or disubstituted ketoesters (VII) were prepared by a FriedelCrafts-type reaction of substituted benzenes with ethyl chloroglyoxylate.19) Ketoesters (VII) were converted to aminoalcohols (II) by two steps: 1) condensation (VII) with hydroxylamine20) and 2) reduction of hydroxyiminoesters (VIII) with lithium aluminum hydride.21) When the Y was 2-F or 2-Cl, aminoalcohols (II) were prepared via phenacyl esters (IX),22,23) as illustrated in route 2.
Methylsulfinyl and methylsulfonyl substituents in compounds 60 and 61 were derived by oxidation of the corresponding methylthio group in compound 59 with an equivalent and two equivalents of metachloroperbenzoic acid, respectively. The 1,3-oxazoline structures in compounds 25, 115 and 116 were from amidoalcohols (X), (XI) and (XII) illustrated in Fig. 3 , respectively, according to procedures similar to that described above. The 1,3-oxazoles 117 and 118 were synthesized respectively by oxidation of the 1,3-oxazoline 2524) and by dehydration of amidoketone (XIII)25) in Fig. 3 . Amidoketone (XIII) was prepared by oxidation of amidoalcohol (XI).26) 1,3-Thiazolines 119 and 120 were from amidoalcohols (X) and (XI)27, respectively, with reaction of diphosphorus pentasulfide. All compounds were obtained in moderate to good yields. Some typical procedures for route 1 syntheses are described below. (26.6 g, 194.8 mmol) in CH2Cl2 (170 ml) was stirred at room temperature until AlCl3 was dissolved. Then, l-tert-butyl-3-ethoxybenzene (28.6 g, 160.4 mmol) was added dropwise at 5C, and the reaction mixture was allowed to warm to the room temperature with stirring. After 2 hr, the reaction mixture was poured into a mixture of conc. HCl and ice. The organic layer was separated and the aqueous layer was extracted twice with 100 ml of CH2Cl2. The combined organic layer was washed twice with water, dried over anhydrous Na2SO4 and concentrated under reduced pressure to give 44.6 g (160. 2 mmol) and hydroxylamine hydrochloride (13.6 g, 195.7 mmol) in EtOH (110 ml) was refluxed with stirring for 5 hr. The reaction mixture was concentrated under reduced pressure and the residue was dissolved in EtOAc. The solution was washed twice with water and once with brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure to give 47.0 g (160.2 mmol) of crude product. It was used in the next reaction without further purification. 1.3 2-Amino-2-(2-ethoxy-4-tent-butylphenyl)ethan-1-ol (II, Y: 2-EtO-4-tent-Bu) To a stirred suspension of LiA1H4 (11.5 g, 303.0 mmol) in THE (150 ml) was added dropwise a solution of ethyl 2-(2-ethoxy-4-tert-butylphenyl)-2-hydroxyiminoacetate (44.0 g, 150.0 mmol) in THE (100 ml) at room temperature. The reaction mixture was refluxed with stirring for 3 hr and allowed to cool to the room temperature, then treated with water (11.5 ml), 15% (w/w) aqueous solution of NaOH (11.5 ml) and water (34.5 ml) successively. The precipitate was removed by filtration and rinsed with THE (50mlX3), and the combined filtrate was concentrated under reduced pressure to afford a crude product, which was triturated with hexane (150 ml) to give 16.1 g (67.8 mmol) of colorless crystal, yield 45.2%, mp: 103.0-106.0C; 1H NMR (CDCl3) oppm: 0.9-1.6 (12H, m, (CH3)3C and Ar-O-C-CH3), 2.52 (3H, bs, NH2 and OH), 3.5-4.4 (5H, m, Ar-O-CH2-C and N-CH-CH2-0), 6.8-7.3 (3H, m, Ar-H); IR (KBr) ymax cm-1: 3168 (NH2 and OH).
ethoxy-4-tent-butylbenzene (76) To a stirred mixture of 2-amino-2-(2-ethoxy-4-tertbutylphenyl)ethan-l-ol (2.37 g, 10.0 mmol) and triethylamine (1.21 g, 12.0 mmol) in THE (20 ml) was added dropwise a solution of 2,6-difluorobenzoyl chloride (1.77 g, 10.0 mmol) in THE (10 ml) at 5C. After stirring the reaction mixture at room temperature for 1 hr, the precipitate was removed by filtration and rinsed with a small amount of THF, and the combined solution was concentrated under reduced pressure. To the residue dissolved in benzene (20 ml), thionyl chloride (3.57 g, 30.0 mmol) was added dropwise with stirring and refluxed for 3 hr. After cooling the reaction mixture, all the volatiles were removed by evaporation. The residue dissolved in McOH (20 ml) was treated with NaOH (94%, 8.51 g, 20.0 mmol) and stirred for 30 min at 50C. The reaction mixture was poured into water and extracted with EtOAc. The organic layer was washed with water and brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified by column chromatography eluting with hexane-EtOAc (3: 1) to afford 2.70 g (7.51 mmol) of product as a yellowish liquid, yield 75.1%. 
Biological Tests
The 2% acetone solution of each compound was diluted with distilled water to adjust test concentrations. The LC50 (ppm) values for acaricidal/ovicidal activity were calculated by the Bliss probit analysis.28) The activity rating for acaricidal/aaavicidal and insecticidal activities were expressed as integers: 0, 1, 2, 3, 4, and 5, corresponding to 0-10,10-35, 35-60, 60-85, 85-100, and 100% mortality, respectively, with certain test concentra- tions. 2.1 A caricidal activity Adult females of two spotted spider mites ( T. urticae) were released on a leaf disk (c=1cm) of kidney bean with a rate of ten to fifteen heads per a disk and allowed to oviposit for 24 hr. After removal of adults, the leaf disks with eggs were dipped into suspensions of various concentrations (0.001-1000 ppm) of each compound and air-dried. The treated leaf disks with eggs were reared under long-day photoperiod (16L/8D) at 24C. The mortality of eggs (ovicidal activity) was estimated one week after the treatment. The larvicidal activity was observed in a similar manner with ten to fifteen larvae fixed on leaf disks which were dipped into 1000 ppm suspension of each compound and dried in air. The mortality was estimated and expressed as the rating one week after the treatment.
Insecticidal activity
Four rice seedlings were dipped into 500 ppm suspension of each compound and dried in air. Ten to fifteen nymphs of the green rice leafhopper, N. cincticeps were released on the seedling and reared under long-day photoperiod (16L/8D) at 24C. For the diamondback moths, P. xylostella, a radish leaf cut into a piece (5X7 cm2) was treated in a manner similar to the rice seedlings. Ten to fifteen larvae were released on the leaf cut and reared as the leafhopper nymphs. For the green peach aphids, MM persicae, five adult females were released on the radish leaf cuts, and allowed to bear nymphs. After removal of adults, the leaf cuts with nymphs were dipped into 500 ppm suspension of each compound and airdried. The mortality against three species of insect larvae was observed three days after the treatment. Table 1 shows 2-(substituted phenyl)-4-phenyl-l,3-oxazolines and their acaricidal and insecticidal activities. The acaricidal/ovicidal activity of the unsubstituted is either maintained or enhanced by mono-and disubstitutions in which one of the ortho-positions is occupied by the MeO (3) and halogens (8-11, 20, 21, 23-25) . In particular, the 2-Br (10) and 2-C1-6-F (24) are 100 and 1000 times more active than the unsubstituted compound (1), respectively. The ortho-substitution with bulkier substituents (5-7, 12, 13) and meta-and parasubstitutions seem to be unfavorable to the activity enhancement.
RESULTS
Substituent Effects at the 2-Phenyl Moiety on the Activity
In the acaricidal/larvicidal test, most compounds, except for the 2-Me (2), exhibit no or only weak activity. Roughly speaking in general, the pattern of substituent effects on the insecticidal activity seems to correspond to that on the ovicidal activity, although the activity enhancement is not significant except for the 2,6-F2 compound (25).
Substituent Effects at the 4-Phenyl Moiety on the
A ctivity Considering the potentiation effect of acaricidal/ ovicidal and insecticidal activities as well as the ease of synthesis, the substitution at the 2-phenyl group was fixed as the 2,6-difluoro and the substituent at the 4-phenyl Table 1 group varied as shown in Table 2 . Without any significant differences in susceptibility observed in Table  1 , the acaricidal/larvicidal activity was not measured in this and following series of compounds. The acaricidal/ovicidal and insecticidal activities are potentiated by the para-substitutions but not by orthoand meta-substitutions in general. Exceptions are the 2-Cl (31) compound, which is more potent in ovicidal and insecticidal activities than the unsubstituted (25) , and 4-MeO (40) compound, which is less potent in insecticidal activities than 25. The activities are very susceptible to the variations in the para-substituent. The most interesting is the ovicidal activity enhancement in the order of 1000 times brought about by the 4-Et (39), 4-EtO (41), and 4-Cl (43). The acaricidal/ovicidal activity is enhanced in these compounds from their "lower" homolog/analog(s) , i.e., the 4-Me (38), 4-MeO (40), and 4-F (42), respectively, with a rate of 100-1000-fold. This activity-enhancement could be due to the increase in the hydrophobicity. Since it may be possible that the activity variations could also be resulted from other physicochemical factors, the effect of parasubstituents was considered to be further examined with additional analogs.
The structure and activity of additional parasubstituted compounds are shown in Table 3 . Hydrophilic substituents in the McSO-(60) McSO2-(61), HO-(68), and Me2N-(69) compounds lower the acaricidal activity of the unsubstituted (25) . Especially noteworthy is the effect of higher alkyl (45-51), higher alkoxy (54-56), CF3CH2O (67), and Me3Si (70) groups, potentiating the acaricidal activity in orders higher than 1000-fold that of the unsubstituted (25) . Lower and higher chain lengths in the alkyl (38, 39, 44, 52) and alkoxy (40, 41, 53, 57, 58) compounds are not necessarily within the optimum range for the activity. Among compounds with the highest ovicidal activity, many are also highly insecticidal especially against M, persicae, showing 100% mortality with leaves dipped in the 500 ppm suspension. These findings were taken to indicate that an optimum hydrophobicity and/or proper dimensions are required for the para-substituent.
As a logical step to follow, the effect of the disubstitution was examined keeping the para-position occupied by one of the favorable substituents as shown in Table 4 . Eleven compounds (72, 74, 80, 86-88, 92-94, 99 and 105) showed a high acaricidal activity with the LC50 value below 0.001 ppm and a high insecticidal activity at least Table 3 Biological activities of 2-(2,6-difluorophenyl)-4-(4-substituted phenyl)-1,3-oxazolines.
Abbreviations, see Table 1 . Table 4 Biological activities of 2-(2,6-difluorophenyl)-4-(2,4-or 3,4-substituted phenyl)-1,3-oxazolines.
Abbreviations, see Table 1 .
against either one of the three insect species. In these compounds, there is either one of the hydrophobic alkyl groups of C3-C8 or one of the lower halogens such as F and Cl at the para-position. As the ortho-substituent, Me, alkoxy, and lower halogens seem to be tolerable to the high activity, but their effect is dependent on the para-substituent.
Since the 2-F-4-Cl compound (105) is highly active and the 4-Cl is not so hydrophobic as alkyl (C6-C8) in the highly active 2-F-4-alkyl compounds (86-88), the substituent effect at the para-position seems to require further examinations. Not only hydrophobic but also dimensional effects seem to work simultaneously to regulate the activity. It is likely that substituents at the ortho-position influence in broadening the insecticidal spectra. The compounds with the EtO at the ortho-position (73, 76, 80, 98 and 104) are highly active against the three insect species. The 3,4-di-substituted derivatives tested here are less active than the 2,4-disubstitued counterparts in either acaricidal or insecticidal activity. It should be mentioned here that the insecticidal/larvicidal activity of this series of compounds was observed to be due to the inhibition of molting of larva.
Effects of Variations in the Structure of the
Heterocyclic Ring Table 5 summarizes biological activities of heterocyclic analogs including 1,3-oxazolines. The acaricidal/ ovicidal and insecticidal activities are similar between 1, 3-oxazoline isomers (25 and 115). 1,3-Oxazoles (117 and 118) and 1,3-thiazolines (119 and 120) are less active than compounds 25 and 115. The effect of a methyl group at the 4-position of the 1,3-oxazoline compound is to lower the activity of compound (25) . The existence of hydrogen atom at 4-position on the 1,3-oxazoline seems important for the activity.
DISCUSSION
Starting from the lead structure of a moderately acaricidal 2,4-Biphenyl-l,3-oxazoline (1), structure optimization studies were carried out stepwise according to structure-activity relationships observed in each step. Initially, keeping the 4-phenyl group unsubstituted (I: Y =H) , the most favorable substitution pattern of the 2-phenyl group not only to acaricidal but also insecticidal activity was identified as being the 2,6-dihalogeno substitutions such as 2,6-difluoro (I:X=2,6-F2) and 2-chloro-6-fluoro (I:X=2-Cl-6-F).
Next, maintaining the substitution pattern of the 2-phenyl moiety as 2,6-difluoro, the substituent effects at the 4-phenyl moiety were examined in detail. Compound (76) The structure-activity relationship for the present series of compounds is considerably similar to that for insecticidal/larvicidal activity of benzoylphenylureas. 30, 31) In the benzoylphenylurea series (XIV) shown in Fig. 4 , the introduction of lower halogen atoms as X at orthoposition(s) of the benzoyl moiety is favorable to activity, and the 2,6-difluoro (or 2-chloro-6-fluoro) substitution is best for activity against insects.32) Introductions of substituents X into other positions in the benzoyl moiety is detrimental to the activity. The substituent (X) effects at the 2-phenyl moiety of 2,4-diphenyl-l,3-oxazolines (I) are similar to those for the benzoyl moiety of benzoylphenylures (XIV). Many 2,6-difluorobenzoyl type benzoylphenylureas, such as diflubenzuron (XIV: X=2,6-F2, Y=Cl), chlorfluazuron [XIV: X=2,6-F2, Y=3,5-C12-4-(3-C1-5-CF3-2-pyridinyloxy)], and teflubenzuron (XIV: X=2,6-F2, Y=2,4-F2-3,5-C12), have been commercialized.33) In benzoylphenylureas (XIV), introduction of substituents (Y) into the "anilide" phenyl Table 5 Biological activities of heterocyclic analogs of 2-(2,6-difluorophenyl)-4-phenyl-l, 3-oxazoline. group is allowed at various positions depending upon the situation. Halogens, CF3 and alkyl (C4-C8) as well as substituted phenyl, benzyloxy, aryloxy substituents can be introduced into the para-position. Optimum hydrophobic and steric effects and electron withdrawing nature have been shown to be needed for substituents at this position. 30, 31) . Lower halogens, such as F and Cl, and CF3 can occupy ortho-and meta-positions to regulate/ modify the effect of the entire phenyl moiety. In the present series of 2,4-diphenyl-l,3-oxazoline compounds (I), the substituent effects Y at the 4-phenyl group has not been examined as closely as that in the "anilide" phenyl group of benzoylphenylureas (XIV). Nevertheless, there seems to exist a close similarity in Y effect between the two series. In the 4-phenyl moiety of diphenyl oxazolines, lengthy substituents as well as halogens at the 4-position are potent modifications. The effects of substituent at the 2-position significantly modify the potency (and activity spectrum).
The 2,4-diphenyl-l,3-oxazolines exhibit a molting inhibition effect leading to their larvicidal activity similar to the benzoylphenylureas. Benzoylphenylureas inhibit cuticle formation and incorporation of Nacetylglucosamine in cultured integument of rice stem borers in a dose-response manner.34) Diflubenzuron strongly inhibits the incorporation of Nacetylglucosamine into cultured integument, the 50% effective concentration (EC50) being 0.02 pM.35) Thus, the primary mode of larvicidal action of benzoylphenylurea was thought to be inhibition of cuticle formation. Although the EC50 value of etoxazole is high (1 u M, Nakagawa et al., personal communication), the intrinsic mode of action is probably very similar between etoxazole and benzoylphenylureas.
CONCLUSION
It should be emphasized that the potency of etoxazole is more than 10 times higher than that of hexythiazox as the miticide/ovicide and that of permethrin as the insecticide/aphidicide.36) The mode of action of etoxazole is most probably neither due to neurotoxic nor respiratoryinhibitive, to which that of most acaricides recently developed is attributed.37) Thus, it is highly expected to be utilizable to control resistant strains of mites to previously used acaricides.
